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(57) Abstract: Subscribers to a communications infrastructure, such as a GPRS network (17), can pre-pay for use of metered re- 
sources (18, 19, 37, 50, 54) of the infrastructure. When a pre-payment subscriber joins the network, the current credit amount for 
the subscriber is distributed as credit values between user-specific virtual purses (55-59) each associated with a respective metered 
resource. Upon use of a metered resource by the subscriber, the credit value held in the associated purse is correspondingly reduced, 
with use of the resource being dependent on the purse being in credit The virtual purses are preferably electronically distributed 
to be close by the metered resources to which they relate whereby to reduce network billing traffic. When the subscriber leaves the 
network, the remaining credit values are consolidated from the purses. 
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Operating a Communications Infrastructure on a Pre-Payment Basis 
Field of the Invention 

5 The present invention relates to amethod of operating a communications infrastructure on 
a pre-payment basis and in particular, but not exclusively, to me operation of a GPRS 
network on a pre-payment basis. The present invention also relates to communication 
infrastructures adapted to operate on a pre-payment basis. 

10 Background of the Invention 

Communication infrastructures suitable for mobile users (in particular, though not 
exclusively, cellular radio infrastructures) have now become widely adopted. Whilst the 
primary driver has been mobile telephony, the desire to implement mobile data-based 
services over these infrastructures, has led to the rapid development of data-capable bearer 
15 services across such infrastructures. This has opened up me possibility of many Internet- 
based services being available to mobile users. 

Byway of example, Figure 1 shows one form of known communication infrastructure for 
mobile users providing both telephony and data-bearer services. In this example, a mobile 

20 entity 20, provided with a radio subsystem 22 and a phone subsystem 23, communicates 
with the fixed infrastructure of GSM PLMN (Public Land Mobile Network) lOto provide 
basic voice telephony services. In addition, the mobile entity 20 includes a data-handling 
subsystem 25 interworking, via data interlace 24, with the radio subsystem 22 for the 
transmission and reception of data over a data-capable bearer service provided by the 

25 PLMN; the data-capable bearer service enables the mobile entity 20 to communicate with a 
service system 40 connected to the public Internet 39. The data handling subsystem 25 
supports an operating environment 26 in which applications run, the operating environment 
including an appropriate communications stack. 

30 More particularly, the fixed infrastructure 10 of the GSM PLMN comprises one or more 
Base Station Subsystems (BSS) 11 and a Network and Switching Subsystem NSS 12. Each 
BSS 11 comprises a Base Station Controller (BSC) 14 controlling multiple Base 
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Transceiver Stations (BTS) 13 each associated with a respective "cell" of the radio 
network. When active, the radio subsystem 22 of the mobile entity 20 communicates via a 
radio link with the BTS 13 of the cell in which the mobile entity is currently located. As 
regards the NSS 12, this comprises one or more Mobile Switching Centers (MSC) 15 
5 together with other elements such as Visitor Location Registers 32 and Home Location 
Register 32. 

When the mobile entity 20 is used to make a normal telephone call, a traffic circuit for 
carrying digitised voice is set up through the relevant BSS 1 1 to the NSS 12 which is then 
10 responsible for routing the call to the target phone (whether in the same PLMN or in 
another network). 

With respect to data transmission to/from the mobile entity 20, in the present example 
three different data-capable bearer services are depicted though other possibilities exist A 

1 5 first data-capable bearer service is available in the form of a Circuit Switched Data (CSD) 
service; in this case a full traffic circuit is used for carrying data and the MSC 32 routes the 
circuit to an InterWorking Function IWF 34 the precise nature of which depends on what is 
connected to the other side of the IWF. Thus, IWF could be configured to provide direct 
access to me public Internet 39 (that is, provide functionality similar to an IAP - Internet 

20 Access Provider IAP). Alternatively, the IWF could simply be a modem connecting to a 
PSTN; in this case, Internet access can be achieved by connection across the PSTN to a 
standard IAP. 

A second, low bandwidth, data-capable bearer service is available through use of the Short 
25 Message Service mat passes data carried in signalling channel slots to an SMS unit which 
can be arranged to provide connectivity to the public Internet 39. 

A third data-capable bearer service is provided in the form of GPRS (General Packet Radio 
Service which enables IP (or X.25) packet data to be passed from the data handling system 
30 ofthe mobile entity 20, via the data interface 24, radio subsystem 21 and relevant BSS 11, 
to a GPRS network 17 of the PLMN 10 (and vice versa). The GPRS network 17 includes a 
SGSN (Serving GPRS Support Node) 18 interfacing BSC 14 with the network 17, and a 



0186933A2_I_> 



WO 01/86933 PCT/GB01/01989 

3 

GGSN (Gateway GPRS Support Node) interfacing the network 17 with an external 
network (in this example, thepublic Internet 39). Full details of GPRS can be found in the 
ETSI (European Telecommunications Standards Institute) GSM 03.60 specification. Using 
GPRS, the mobile entity 20 can exchange packet data via the BSS 11 and GPRS network 
5 17 with entities connected to the public Internet 39. 

The data connection between the PLMN 10 and the Internet 39 will generally be through a 
firewall 35 with proxy and/or gateway functionality. 

10 Different data-capable bearer services to those described above may be provided, the 
described services being simply examples of what is possible. 

In Figure 1, a service system 40 is shown connected to the Internet 40, this service system 
being accessible to the OS/application 26 running in the mobile entity by use of any of the 
15 data-capable bearer services described above. The data-capable bearer services could 
equally provide access to a service system that is within the domain of the PLMN operator 
or is connected to another public or private data network. 

With regard to the OS/application software 26 running in the data handling subsystem 25 
20 of themobile entity 20, this could, for example, be a WAPappficationninningontop of a 
WAP stack where "WAP" is the Wireless Application Protocol standard. Details of WAP 
can be found, for example, in the book "Official Wireless Application Protocol" Wireless 
Application Protocol Forum, Ltd published 1 999 Wiley Computer Pubhshing. Where the 
OS/application software is WAP compliant, the firewall will generally also serve as a 
25 WAP proxy and gateway. Of course, OS/application 26 can comprise other functionality 
(for example, an e-mail client) instead of; or additional to, the WAP functionality. 

Themobile entity 20 may take many different forms. For example, it could be two separate 
units such as a mobile phone (providing elements 22-24) and a mobile PC (data-handling 
30 system 25) coupled by an appropriate link (wireline, infrared or even short range radio 
system such as Bluetooth). Alternatively, mobile entity 20 could be a single unit such as a 
mobile phone with WAP functionality. Of course, if only data transmission^eception is 
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required (and not voice), the phone fimctionality 24 can be omitted; an example of this is a 
PDA with built-in GSM data-capable functionality whilst another example is a digital 
camera (the data-handling subsystem) also with built-in GSM data-capable functionality 
enabling the upload of digital images from the camera to a storage server. 

5 

Whilst the above description has been given with reference to a PLMN based on GSM 
technology, it will be appreciated that many other cellular radio technologies exist and can 
typically provide the same type of functionality as described for the GSM PLMN 10. 

10 Recently, much interest has been shown in -location-aware" services for mobile users, 
these being services that take account of the current location of the user (or other mobile 
party). A number of different ways exist for determining the location of amobile entity and 
Figure 1 depicts the case of location determination being done in the network (for example, 
by making Timing Advance measurements for three BTSs 13 and using these 

15 measurements to derive location) with the resultant location data being passed to a 
location server 37 from where it can be made available to the mobile entity concerned and 
authorised services. Typically, location determination is only done when a location request 
is received at the location server, the latter then being responsible for initiating location 
determination and providing the result to the requesting entity. The location server 37 can 
20 be connected as a resource accessible via the GPRS network 1 7. 

It is known to pre-pay for use of PLMN resources (typically voice traffic and SMS 
services) with the subscriber being centrally credited with an amount corresponding to their 
pre-payment; this initial credit amount is decremented according to the subscriber's use of 

25 the PLMN resources until no more credit exists at which time provision of services is 
suspended. The subscriber can replenish their credit amount by making additional 
payments generally at any time either before or after the initial credit amount has been used 
up. The use of network resources is tracked at key points (typically the MSC) which 
generate billing records for billable events, these records being passed back to the central 

30 accounting system where they are matched against the subscriber - if the subscriber is on a 
pre-payment scheme, the current credit amount is then adjusted according to the billing 
records. The reduction in credit will depend not only on how long a particular resource 
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(e.g. voice traffic circuit) has been used, but also on factors such as time of day and quality 
of service. 

Current implementations of pre-payment systems lack flexibility and responsiveness and it 
5 is an object of the present invention to provide an improved pre-payment method and 
system. 



Summary of the Invention 

10 According to the present invention, there is provided a method of operating a 
communications infrastructure having a plurality of metered resources, the method 
involving: 

recording pre-payment of an amount by a user for use of the metered resources; 
distributing at least a portion of said amount as credit values held in user-specific 
1 5 virtual purses each associated with a respective said metered resource; and 

- upon use of a metered resource by the user, correspondingly reducing the credit value 
held in the associated purse, with use of the resource being dependent on the credit 
value in the purse being above a predetermined threshold (typically zero but possibly 
a positive or negative figure). 

20 

The virtual purses are preferably located at or close to their associated resources; however, 
it is also possible to locate all the purses centrally. 

As used herein the term "metered resource" means any infrastructure element or service the 
25 use of which is a billable event. 

According to another aspect of the present invention, there is provided a communications 
infrastructure comprising: 

a plurality of metered resources, 
30 - a respective purse subsystem associated with each metered resource for providing 

user-specific virtual purses for that resource; 
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a pre-payment system for recording pre-payment of an amount by a user for use of 
the metered resources, the pre-payment system including a distribution arrangement 
for distributing at least a portion of said amount as credit values to virtual purses held 
by the purse subsystems for that user; and 
5 - a respective usage-control arrangement associated with each metered resource and 
operative to permit use of that resource by a user only when the credit value in the 
user's purse for that resource is above a predetermined threshold, the purse 
subsystem associated with the resource being operative to reduce the credit value 
held in the user's purse in accordance with usage of the resource by that user. 

10 

Brief Description of the Drawings 

A method and system, both embodying the present invention, for operating a 
communications infrastructure on a pre-payment basis, will now be described, by way of 
15 non-limiting example, with reference to the accompanying diagrammatic drawings, in 
which: 

• Figure 1 is a diagram of a known communications infrastructure usable for 

transferring voice and data to/from a mobile entity; and 
. Figure 2 is a diagram illustrating the operation of a GPRS network of the Figure 1 
20 communications infrastructure on a pre-payment basis. 



Best Mode of Carrying Out the Invention 

The present invention is described hereinafter in relation to pre-paid usage of particular 
25 resources of the GPRS network 17 of the Figure 1 system, this GPRS network being shown 
in more detail in Figure 2 along with a pre-payment system 60. For simplicity, no 
description is given as to how a user pays for use of the PLMN 10 other than GPRS 
network 17, it being possible to use any appropriate charging mechanism for such use 
(including the pre-payment mechanism to be described below in relation to the GPRS 
30 network). 
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As shown in Figure 2, the GPRS network 17 comprises, in addition to the SGSNnode 18 
and GGSN node 19, switching nodes 50 to 53. Connected to switching node 52 is a 
database resource 54 (for example, a directory resource) whilst the location server 37 is 
connected to switching node 51. The nodes 18, 19, 50, the database 54 and the location 
5 server 57 each constitute a metered resource, that is, use of Ihe resource is a billable event 
and results in the generation of a billing record. Associated with eachmetered resource is a 
purse sub-system 77 for holding user-specific virtual purses; each the purse subsystem is, 
for example, embodied as software running on the same processor as the metered resource 
or on an associated processor local to the resource whereby communication of billing 
10 events from the metered resource to the associated purse sub-system is local and does not 
consume GPRS network resources. 

The pre-payment system 60 is a central facility for PLMN 1 0 and is used for administering 
pre-payment tariff customers. The system 60 has a pre-payment database 61holding a 
15 respective record 62 for each pre-payment customer. This record holds the current credit 
amount 64 attributed to each pre-payment customer, the amount being initially set upon 
initial sign-up of a customer through sign-up process 67 and being subsequently 
replenished using top-up process 68. 

20 Userrecord 62 also holds a distribution pattern specifying how the credit amount is tobe 
allocated between metered resources, this distribution being in terms ofthe relative values 
between the metered resources - for example, the relative values may be specified to be: 

10 
10 
5 

Database 54: 5 
Location Server 37: 8 

The distribution pattern can be initially set to a default pattern reflecting average usage by 
all users or can be set according to a pattern specified by the user. Preferably, the initial 
30 pattern is subsequently modified to reflect the actual pattern of usage by the user 
concerned. Of course, since different resources will generally be differently priced, the 



Node 18 
Node 19 
25 Node 50 
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distribution pattern will generally reflect not only how often a resource is used but also its 
relative cost compared to the other resources. 



The record 62 for each user also contains rating rule information that specifies or indicates 
5 the charging rates to be applied by each resource for the user concerned. These charging 
rates will generally be time of day dependent and quality-of-service dependent. The rating 
rule information need only indicate an appropriate scale to be used where the charging rates 
are organised in scales that are known to the purse sub-systems 77. 

10 In the present arrangement, when a pre-payment user is first recorded as present in the 
PLMN (registered with the HLR), a Registration" indicator is passed to the pre-payment 
system from the HLR (arrow 78). This initiates aprocess 70 that distributes (arrow 80) the 
credit amount 64 specified in the user's record 62 to user-specific virtual purses 55-59 that 
are created as needed in the purse sub-systems 77 associated with the metered resources 1 8 > 

15 19, 50, 54, 37. The credit amount 64 is distributed between purses according to the 
distribution pattern 65 for that user. At the same time, rating rule information for the user is 
passed to the purse sub-systems 77. The whole of the amount 64 can be distributed at one 
go; alternatively, a limit can be set as to the maximum amount that can be distributed to the 
purses. 

20 

Thereafter, at each usage of a metered resource by the user, a billing record is generated 
and passed to the corresponding purse sub-system where the credit value is reduced by an 
amount dependent on the resource usage and appropriate charging rate as set by the rating 
rule information. Continued usage of a metered resource is dependent on there being 
25 sufficient credit value in the corresponding purse, that is, the credit value being above a 
predetennined threshold, typically zero but possibly either a positive value (e.g. a value 
equal to the minimum usage amount for the resource concerned) or a negative value (where 
a degree of debt is permitted). 

30 When a user ceases to be present in the PLMN (that is, is de-registered in the HLR), a "de- 
registration" indicator (arrow 79) is passed to the pre-payment system 60, triggering a 
process 71 . Process 71 collects the remaining credit values from the user's purses (which 
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are thereupon destroyed) and consolidates these values into a remaining amount which 
replaces the previous credit amount 64 in record 62. At the same time, process 71 re- 
calculates an appropriate distribution pattern for the user, taking account of the resource 
usage made during the last session of use, this new pattern replacing theprevious pattern in 
5 record 62. The billing records showing the usage made of each resource are consolidated at 
each purse sub-system and passed from there to an accounting system (not shown). 

In the event that the user tops up their credit amount whilst registered (that is, whilst the 
previous credit of the user is distributed between the purses), the top-up amount is 
10 temporarily held in record 62 and then added on to the consolidated remaining amount 
derived by process 71. 

The triggering of processes 70 and 71 can be from "presence" events more immediate to 
the use of GPRS network that the mere registration / de-registration of the user with the 
15 HLR. Thus, the distribution process 70 could be triggered off the user initiating a 
connection with the PLMN or, even more specifically, upon the user seeking to use the 
GPRS network; similarly, process 71 can be triggered off connection termination or 
cessation of use of the GPRS network. 

20 A number of different procedures can be used to compensate for the depletion of credit 
values in the virtual purses whilst a user is present and the credit amount 64 is distributed 
between the purses. Thus, for example, where only part of the amount 64 was initially 
distributed, when the credit value in a particular purse falls below a certain level, the purse 
can request that it be replenished from the withheld amount 

25 

Another replenishment mechanism involves a iie-distribution of the remaining credit values 
held in the purses to re-establish the initial distribution pattern (or to establish a new 
pattern that takes account of the latest relative usage of the resources) - see process 72. 
Process 72 can be triggered, for example, by one of the purses felling below a particular 
30 level and/ or by expiration of a set time interval. 
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Yet another replenishment mechanism, suitable as a last resort, involves designating 
certain of the metered resources as more important than others; in this case, a purse 
associated with a more important resource will be replenished when reaching a threshold 
low level from a purse associated with a less important resource (process 73). 

5 

Whilst in the above-described arrangement the purses 55-59 have been located at or 
adjacent the corresponding metered resources, it would also be possible to locate the purses 
within the pre-payment system itself; though this has the drawback of increasing time- 
1 0 critical billing traffic since now billing records must be passed to the pre-payment system. 



It will be appreciated that the GPRS network can simultaneously be used by subscribers 
who are not on a pre-payment tariff. 

15 

It will also be understood that the above-described method and system can be applied to 
the operation of other communication infrastructures and are not limited to use with GPRS 
networks. 

20 Furthermore, where the communications infrastructure comprises a plurality of networks 
each with metered resources, and the user can only be present in only one network at a 
time, a user's credit can be distributed to the network where the user currently is and then, 
when the user leaves that network, the remaining credit value can be collected back ready 
for re-distributing in the network where the user is next present. 

25 

It may also be desirable to provide a mechanism for calling back or drawing down the 
credit amounts in the purses when the user incurs a charge in relation to some other 
chargeable event not associated with the usage of the metered resources. 

30 The metered resources can simply be perimeter nodes of the network subject to pre- 
payment usage - whilst this does not fully meter usage of internal resources it does catch 
traffic moving across the network boundaries. 
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Where the communications infrastructure is a PLMN, both mobile originating and mobile 
terminated traffic can be subject to the above-described pre-payment mechanism. 
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CLAIMS 

1. A method of operating a communications infrastructure having a plurality of metered 
5 resources, the method involving: 

recording pre-payment of an amount by a user for use of the metered resources; 
distributing at least a portion of said amount as credit values held in user-specific 
virtual purses each associated with a respective said metered resource; and 
upon use of a metered resource by the user, correspondingly reducing the credit value 
1 0 held in the associated purse, with use of the resource being dependent on the credit 

value in the purse being above a predetermined threshold. 

2. A method according to claim 1 , wherein the virtual purses are located at or near to their 
respective associated metered resources. 

15 

3. A method according to claim 1 , wherein the distribution of credit values to the virtual 
purses is effected upon the user being determined as present in relation to the 
communications infrastructure, the remaining credit values in the purses being re- 
consolidated to a remaining amount upon the user ceasing to be present 

20 

4. A method according to claim 1, wherein the distribution of credit values to the virtual 
purses is effected according to a given pattern of relative values between the purses. 

5. A method according to claim 4, wherein said given pattern is determined according to 
25 the user's relative usage of the metered resources over a preceding period. 

6. A method according to claim 1 , wherein charge rate information is distributed with the 
credit values whereby to enable the reduction of credit values to be effected according to a 
charging rate applicable to the user and usage. 

30 

7. A method according to claim 1 , wherein following an initial distribution of credit values 
to the virtual purses, a sum remains, this sum being at least partially subsequently 
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distributed to replenish one or more of the purses following a depletion as a result of usage 
of the corresponding resource. 

8. A method according to claim 1, wherein the credit values held in said purses are re- 
5 distributed to a given pattern of relative values in at least one of the following 
circumstances: 

the credit value in one of the purses falling below a particular level; 
on time out of a predetermined period. 

10 9. A method according to claim 8, wherein said given pattern is determined taking account 
of the user's relative usage of the metered resources over the immediately preceding period 
of usage. 

10. A method according to claim 8, wherein certain of said resources are designated as 
15 more important than others, a purse associated with a more important resource being 

replenished when reaching a threshold low level from a purse associated with a less 
important resource. 

11. A method according to claim 1 > wherein the communications infrastructure comprises 
20 a plurality of networks each with metered resources, the user being present in only one said 

network at a time and the steps of credit-value distribution and reduction being effected 
only in relation to resources of the network where the user is present, the credit values 
remaining after usage of that network being consolidated to a remaining amount upon the 
user ceasing to be present in a network whereby that remaining amount is available for 
25 distribution upon the user becoming present again in a said network. 

12. A communications infrastructure comprising: 

a plurality of metered resources, 

a respective purse subsystem associated with each metered resource for providing 
30 user-specific virtual purses for that resource; 

a pre-payment system for recording pre-payment of an amount by a user for use of 
the metered resources, the pre-payment system including a distribution arrangement 
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for distributing at least a portion of said amount as credit values to virtual purses held 
by the purse subsystems for that user; and 

a respective usage-control arrangement associated with each metered resource and 
operative to permit use of that resource by a user only when the credit value in the 
5 user's purse for that resource is above a predetermined threshold, the purse 

subsystem associated with the resource being operative to reduce the credit value 
held in the user's purse in accordance with usage of the resource by that user. 

13. An infrastructure according to claim 12, wherein the purse subsystems and the usage- 
10 control arrangements are located at ornear to theirrespective associated metered resources. 

14. An infrastructure according to claim 12, further comprising a presence-detection 
system for detecting when a user is present to the communications infrastructure, the pre- 
payment system being operative to distribute credit values to the virtual purses upon the 

15 user being determined as present by said presence-detection system, and the pre-payment 
system being further operative, upon the user ceasing to be present as determined by the 
presence-detection system, to re-consolidate the remaining credit values in the purses to a 
remaining amount in the pre-payment system. 

20 15. An infrastructure according to claim 12, wherein the pre-payment system is operative 
to distribute credit values to the virtual purses according to a given pattern of relative 
values between the purses. 

16. An infrastructure according to claim 15, wherein said given pattern is determined 
25 according to the user's relative usage of the metered resources over a preceding period. 

17. An infrastructure according to claim 12, wherein the pre-payment system is operative 
to distribute charge rate information with the credit values whereby to enable the reduction 
of credit values to be effected according to a charging rate applicable to the user and usage. 

30 

18. An infrastructure according to claim 12, wherein the pre-payment system is operative 
initially to distribute only part of said amount as credit values to the virtual purses thereby 
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leaving an initial undistributed sum, the pre-payment system being further operative to 
distribute at least some of the undistributed sum to replenish one or more of the purses 
following a depletion by the corresponding usage-control arrangement as aresult of usage 
of the corresponding resource. 

5 

19. An infrastructure according to claim 12, wherein the pre-payment system is operative 
to re-distribute the credit values held in said purses to a given pattern of relative values in 
at least one of the following circumstances: 

the credit value in one of the purses falling below a particular level; 
10 - on time out of a predetermined period. 

20. An infrastructure according to claim 19, wherein said given pattern is determined 
taking account of the user's relative usage of the metered resources over the immediately 
preceding period of usage. 

15 

21. An infrastructure according to claim 19, wherein certain of said resources are 
designated as more important than others, a purse associated with a more important 
resource being replenished when reaching a threshold low level from a purse associated 
with a less important resource. 

20 

22. An infrastructure according to claim 1 2, comprising a plurality of networks each with 
metered resources, and a presence detection system for determining when a user is present 
in one of the networks, the pre-payment system being operative to distribute said amount 
only in relation to resources of the network whore the user is present, with the credit values 

25 remaining after usage of that network being consolidated to a remaining amount in the pre- 
payment system upon the user ceasing to be present in a network whereby that remaining 
amount is available for distribution upon the user becoming present again in a said 
network. 
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